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ABSTRACT 


This  report  describes  a  process  which  has  been  developed  for  the  etching  of 
glass  masks.  A  discussion  of  the  requirements  for  these  masks  in  thin-film 
circuit  deposition  precedes  a  detailed  description  of  the  process. 

Six  masks  were  produced  by  the  process,  and  measurements  were  made  to 
determine  the  tolerances  obtained. 
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SECTION  I 


INTRODUCTION 

The  work  described  in  this  report  was  performed  as  part  of  a  program  to 
improve  methods  for  making  thin-film  microcircuits.  It  represents  our  efforts 
to  develop  a  method  of  directly  monitoring  the  resistances  of  resistors  as  they 
are  being  deposited  in  a  circuit. 

RESISTANCE  MONITORING  METHODS 
Previous  Work 


In  previous  work,  the  resistances  have  been  monitored  by  the  measure¬ 
ment  of  a  resistor  on  a  separate  substrate  which  is  deposited  simultaneously. 
This  method  is  illustrated  in  Figs.  1  and  2.  The  monitor  substrate  is  a  piece 
of  glass  l/2-inch  square.  One  surface  of  the  substrate  has  two  stripes  of  gold 
separated  by  a  1/4- inch  gap,  as  shown  in  Fig.  1.  The  monitor  substrate  is 
placed  in  a  special  holder  with  electrical  contacts  to  press  against  the  gold 
areas  of  the  monitor,  as  shown  in  Fig.  2.  The  holder  has  an  opening  in  the 
bottom  so  that  when  the  holder  is  placed  in  an  evaporant  stream,  deposition 
will  take  place  on  the  exposed  glass,  bridging  between  the  gold  areas.  The 
resistance  between  the  electrical  contacts  can  be  monitored. 

When  a  resistor  deposition  is  carried  out  for  a  thin-film  circuit,  the 
special  holder  is  loaded  with  a  monitor  substrate  as  described  above,  and 
placed  alongside  the  circuit  deposition  holder.  The  resistor  material  is 
deposited  until  the  monitor  indicates  that  a  film  with  the  desired  surface 
resistivity  has  been  deposited.  This  method  of  monitoring  has  led  to  a  poor 
yield  for  close  tolerance  resistors,  as  the  relationship  between  the  monitor 
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Fig.  1  Monitor  Substrate  Fig.  2  Monitor  Substrate  in  Holder 

resistor  and  the  circuit  resistors  appears  to  vary.  Factors  which  may  contribute 
to  this  variation  include  the  following: 

(1)  lack  of  precise  definition  of  the  monitor  resistor  size 

(2)  difficulty  of  accurately  measuring  low  resistance,  and 

(3)  the  distance  between  the  monitor  and  the  circuit. 

Direct  Monitoring 

In  the  direct  monitoring  method  proposed,  one  or  more  of  the  resistors  in 
the  actual  circuit  being  deposited  wall  be  utilized  for  monitoring  the  deposition. 

In  general,  the  resistor  with  the  highest  desired  accuracy  will  be  chosen. 

Mask  Description 

The  masks,  or  their  surfaces,  will  be  made  of  an  insulating  material.  A 
conducting  pattern  will  be  deposited  on  the  substrate  side  of  the  mask  to  contact 
the  conductor  terminations  of  the  resistor  or  resistors  selected  The  conducting 
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pattern  on  the  mask  will  extend  to  the  edges  of  the  mask  so  that  connections  can 
be  made  to  an  external  measuring  system.  The  proposed  method  is  illustrated 
in  Figs.  3,  4,  and  5  for  a  simple  case  where  it  is  required  to  monitor  two  resis¬ 
tors  in  series  in  the  circuit. 

Figure  3  shows  a  circuit  substrate  with  the  three  sections  of  circuit 
conductor  associated  with  the  monitoring.  There  would  be  many  more  conductors 
in  a  typical  circuit,  but  for  simplicity  they  will  not  be  included  in  the  illustrations. 

Figure  4  shows  the  mask,  with  the  apertures  for  the  two  resistors  to  be 
monitored.  Once  again,  a  circuit  would  generally  have  many  more  resistors; 
hence,  the  mask  would  have  many  more  apertures.  However,  for  simplicity, 
only  the  apertures  for  the  monitored  resistors  are  shown.  Figure  4  also  shows 
the  two  conducting  areas  on  the  mask,  which  will  make  contact  to  conductors  A 
and  B  on  the  circuit  substrates. 


Fig.  3  Conductor  Pattern  on  Circuit  Fig.  4  Mask  for  Two  Resistors  in 

Substrate  for  Two  Resistors  in  Series  with  Monitoring 

Series  Contacts 
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Figure  5  shows  the  assembly  for  evaporation.  It  can  be  seen  that  when 
resistor  deposition  commences,  the  resistance  between  the  monitor  leads  will 
be  equal  to  the  sum  of  the  two  resistors.  To  ensure  good  electrical  contact, 
pressure  will  be  applied  to  the  substrate  over  the  contact  areas  as  indicated  in 
Figure  5. 


The  reasons  for  the  choice  of  glass  for  making  insulating  masks  were  as 
follows: 


(1)  it  is  electrically  insulating; 

(2)  it  will  withstand  250°C  (the  deposition  temperature  used); 

(3)  it  is  rigid; 

(4)  it  can  be  cleaned  easily;  and 

(5)  some  information  is  available  on  the  etching  of  glass. 


Insulating  Mask  Fabrication 

The  major  difficulty  in  the  application  of  the  proposed  monitoring  method 
lies  in  the  fabrication  of  insulating  masks.  Initially,  some  very  crude  masks 
were  made  by  sandblasting  apertures  in  glass  microsheet.  Experiments  with 
these  masks  indicated  the  feasibility  of  this  method  of  monitoring,  if  some  more 
suitable  masks  could  be  obtained.  This  led  to  the  development  of  the  process 
described  for  chemical  etching  of  glass  masks. 


The  reasons  for  choosing  Corning  #0211  microsheet  glass  were: 

(1)  it  can  be  obtained  in  thin  sheets  (less  than  0. 003-inch  thick),  and 

(2)  it  etches  cleanly  in  hydrofluoric  acid.  (Some  glasses  go  spongy.) 
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Fig.  5  Evaporation  Assembly  with  Proposed  Monitoring  Method 
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Disadvantages  in  the  use  of  glass  include: 

(1)  photo-resists  adhere  poorly  to  glass,  and 

(2)  thin  glass  is  fragile. 

It  was  decided  to  overlook  these  disadvantages  because  of  the  lack  of  other 
suitable  insulating  materials. 

Glass  0.  010-inch  thick  was  chosen  as  being  the  thinnest  that  could  be 
handled  successfully.  However,  this  is  rather  thick  for  accurate  etching  of 
masks,  so  it  was  etched  to  approximately  0.  005-inch  thick  in  the  region  of  the 
mask  apertures  as  a  first  stage  in  the  process. 

In  view  of  its  simplicity,  a  resistor  terminating  network,  with  ten  identical 
resistors  was  chosen  for  the  experimental  glass  masks.  The  circuit  is  shown  in 
Fig.  6,  with  the  substrate  details  shown  in  Fig.  7.  Figure  8  is  a  photograph  of 
a  completed,  glass  resistor  mask. 


Fig.  6  Diagram  of  Circuit  Resistor 
Terminating  Network 
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Fig.  7  Substrate  Details 
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Fig.  8  Completed  Mask 


SECTION  II 


PROCESS 


MATERIALS 

The  materials  used  in  the  process  are  enumerated  below 

(1)  Corning  Glass  Microsheet  #0211,  nominally  0.010-inch  thick  in 
rectangles  ground  to  0.  75  inch  x  2.  50  inch; 

(2)  acid-resistant,  pressure-sensitive  tape,  Scotch  Brand  3VEA  S7334; 

(3)  solution  of  Apiezon  black  wax  in  trichloroethylene  (concentration  not 
critical); 

(4)  common  organic  solvents; 

(5)  chromic  acid  cleaner  ^99  grams  K^Cr^O^:  1500  ec  H0SO^ 
concentrated;  150  cc  distilled  Il^O) ; 

(6)  hydrofluoric  acid,  47%: 

(7)  Kodak  Metal  Etch  Resist  (KMER);  and 

(8)  SK-4  KMER  stripper. 

EQUIPMENT 

[2] 

Standard,  metal  mask- making  equipment  was  used. 

ARTWORK  AND  PHOTOGRAPHY 

[2] 

Conventional  techniques  were  used  to  prepare  a  photographic  negative 
of  the  required  masks.  The  negative  is  shown  in  Fig.  9. 

ETCHING 

There  are  two  stages  in  the  etching:  back  etch  and  aperture  etch.  In  the 
first  stage,  one  side  of  the  glass  is  etched  in  the  region  of  the  apertures  to 
reduce  the  thickness  to  approximately  0.005  inch.  In  the  second  stage,  the 
apertures  are  etched  from  both  sides. 
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Fig.  9  Photographic  Mask  Negative 


Stage  1  -  Back  Etch 

The  steps  involved  in  the  back-etch  stage  are  described  below. 

(1)  The  thickness  of  the  glass  is  measured  with  a  micrometer  to  determine 
what  thickness  of  glass  must  be  removed  to  leave  0. 005  inch. 

(2)  The  glass  is  cleaned  in  chromic  acid  cleaner  at  45°  C  for  3  minutes, 
followed  by  a  1 -minute  rinse  in  distilled  water. 

(3)  The  glass  is  dried  first  with  lens  paper  and  forced  hot  air,  and  then 
in  an  oven  at  80°C  for  15  minutes. 

(4)  A  1/2-inch  square  piece  of  the  pressure  sensitive  tape  is  applied  to 
one  side  of  the  glass  to  cover  the  area  to  be  etched. 

(5)  A  3/4-inch  square  piece  of  the  tape  is  applied  to  the  other  side  of  the 
glass,  symmetrically  with  the  1/2-inch  square  of  tape.  A  sketch  of 
the  glass  at  this  stage  is  shown  in  Fig.  10. 

(0)  Both  sides  and  the  edges  of  the  glass  are  coated  with  the  black  wax 
solution,  care  being  taken  to  overlap  the  squares  of  tape.  The  wax 
is  then  oven-dried  for  15  minutes  at  80°C. 

(7)  The  l/2-inch  square  of  tape  is  removed,  and  the  exposed  glass  cleaned 
with  isopropyl  alcohol  to  remove  the  sticky  film  left  by  the  tape. 

(8)  The  thickness  of  the  glass,  plus  the  remaining  layer  of  tape,  is 
measured  and  recorded. 


Fig.  10  Glass  with  Tape  on  Both  Sides 


(9)  The  glass  is  immersed  in  hydrofluoric  acid.  It  is  repeatedly  etched 
for  1  minute,  removed  and  rinsed  with  distilled  water,  and  the 
measurement  of  step  (8)  repeated.  This  procedure  is  continued  until 
the  measurement  indicates  that  the  right  amount  of  material  has  been 
removed. 

(10)  The  black  wax  and  tape  are  removed  with  trichlor ethylene.  The  glass 
is  rinsed  in  alcohol,  distilled  water,  and  then  dried. 

Stage  2  -  Aperture  Etch 

The  steps  involved  in  the  aperture-etch  stage  are  listed  below. 

(1)  The  glass  is  cleaned  and  dried  as  in  steps  (2)  and  (3)  of  stage  1. 
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(2)  A  4:1  solution  of  KMER  and  KMER  thinner  is  applied  to  one  side  of 
the  glass  using  a  hypodermic  syringe  with  a  filter  attached.  The 
glass  is  then  spun  at  4000  rpm  for  3  seconds.  This  operation  is 
repeated  to  coat  the  other  side. 

(3)  The  coated  glass  is  placed  in  a  light-proof  container,  and  baked  for 
2  hours  at  80°C  in  an  air -circulating  oven.  This  is  followed  by  a 
vacuum-bake  for  45  minutes  at  80°C. 

(4)  The  resist-coated  glass  and  the  mask  negative  are  placed  in  a 
carbon-arc  exposure  unit  (Nu  Arc  Model  FT18A).  The  glass  is 
carefully  aligned  with  the  negative,  with  the  unetched  side  against 
the  negative.  The  resist  is  exposed  for  3  minutes.  Since  the  glass 
is  transparent,  the  resist  exposes  on  both  sides  of  the  glass. 

(5)  The  resist  is  developed  in  KMER  developer  for  2  minutes,  and  rinsed 
in  running  water  for  30  seconds. 

(6)  The  glass  is  then  placed  in  a  vacuum  oven  at  80  to  85°C  for  2-1/2 
hours,  to  improve  adhesion  of  the  resist. 

(7)  The  resist  on  the  glass  is  coated  with  black  wax  solution  to  within 
1/8  inch  of  the  perimeter  of  the  pattern.  The  wax  is  dried  for  15 
minutes  at  80°C. 

(8)  The  prepared  glass  is  immersed  in  hydrofluoric  acid.  It  is  repeatedly 
etched  for  1  minute,  removed,  and  rinsed  with  distilled  water,  and 
inspected;  until  the  etching  is  judged  complete.  An  optical  comparator 
or  tool  maker’ s  microscope  is  used  for  the  final  inspection. 

(9)  The  black  wax  is  removed  with  trichloroethylene,  and  the  KMER 
removed  with  SK-4  stripper,  and  the  mask  is  then  washed  in  hot 
water.  A  completed  mask  is  shown  in  Fig.  8. 
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SECTION  m 


PROBLEM  AREAS  IN  THE  PROCESS 

While  developing  this  process,  and  during  the  etching  of  the  six  masks 
which  were  measured,  various  problems  were  encountered.  The  more  serious 
ones  are  discussed  below  with  the  immediate  partial  solutions,  and  suggestions 
for  future  work. 

POOR  ADHESION  OF  KMER  TO  GLASS 

The  adhesion  varies  from  run  to  run.  When  the  adhesion  is  poor,  the 
KMER  lifts  before  the  etching  of  the  glass  is  complete.  Vacuum  baking  and  the 
introduction  of  layers  of  black  wax  into  the  process  reduce  this  problem  somewhat. 
However,  there  is  some  difficulty  in  consistently  baking  the  resist  enough  to 
make  it  adhere  during  etching,  but  not  so  much  that  it  is  very  difficult  to  remove 
later.  It  may  be  worth  experimenting  with  a  layer  of  another  material  between 
the  glass  and  the  resist,  particularly  a  material  which  can  be  etched  by  some 
chemical  other  than  hydrofluoric  acid  and  which  is  resistant  to  the  latter.  The 
use  of  chemically  deposited  silver  for  this  purpose  has  been  suggested. 

Additives  for  KMER  are  also  available,  and  are  claimed  to  improve  its 
adhesion  to  glass. 

The  MITRE  Corporation  has  suggested  that  the  KMER  be  stripped  with 
boiling  sulphuric  acid  as  this  would  be  more  effective  than  using  SK-4.  This 
should  allow  baking  the  resist  harder  after  developing,  and  still  permit  removal 
of  the  resist  after  etching. 
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DEPENDENCE  OF  ETCHING  RATE  ON  ETCHED  AREAS 


Small  areas  appear  to  etch  faster  than  large  ones.  Hence,  a  pattern  with 
apertures  of  different  widths  will  etch  unevenly.  This  can  be  overcome  by 
selective  etching  at  the  end  of  the  etching  process  (i.  e. ,  the  faster-etching 
small  areas  are  either  kept  out  of  the  etch  at  the  end,  or  masked  off  with  wax). 
However,  a  more  convenient  approach  would  be  to  prepare  the  artwork  in  such 
a  way  that  the  larger  area  apertures  are  produced  by  etching  lines  around  their 
borders,  and  that  the  line  widths  are  standardized  as  much  as  possible. 

DIFFICULTY  IN  DETERMINING  COMPLETION  OF  ETCHING 

As  the  glass  is  transparent,  it  is  difficult  to  see  when  the  etch  has 
penetrated  through  the  mask.  The  etching  was  continually  interrupted  to  study 
the  work  under  a  microscope.  If  the  etching  conditions  were  sufficiently 
standardized,  the  operation  could  be  timed. 
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SECTION  IV 


MEASUREMENTS  ON  SIX  MASKS 

Six  masks  were  made  by  the  process  described.  These  masks  and  the 
photographic  master  used  for  exposing  the  resist  were  measured  on  a  Wilder 
Micro  Projector,  Model  D  (see  Tables  I  and  II).  The  measurements  were 
obtained  at  100  x  magnification.  Three  width  measurements  were  noted  for 
each  resistor  slot  (see  Fig.  11): 

A  =  distance  between  parallel  lines  touching  outside  the  aperture  edges 
(maximum  measurement); 

B  =  distance  between  parallel  lines  touching  inside  the  aperture  edges 
(minimum  measurement);  and 

C  =  estimated  mean  width  of  the  aperture. 

Note:  The  end  0. 020  inch  of  each  slot  was  ignored  in  the  measurements  to 
avoid  corner  radii  affecting  the  width  measurements. 

The  design  width  for  the  apertures  was  0.  0300  inch.  The  analysis  in 
Table  III  indicates  the  departures  obtained  for  each  mask.  The  departures 
of  the  photographic  master  are  included. 
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Table  I 


Measurements  of  Photographic  Master  Widths 


Resistor 

— 

A(Max) 

B(Min) 

C(Mean) 

R1 

0.0316 

0.0310 

0.0306 

R2 

0.0320* 

0.0310 

0.0312 

R3 

0.0310 

0. 0304+ 

0.0306+ 

R4 

0.0314 

0.0308 

_ 

0.0310 

R5 

0.0316 

0.0308 

0.0310 

R6 

0.0310 

0.0308 

0.0310 

R7 

0.0318 

0.0312 

0.0314* 

R8 

0.0308 

0.0306 

0.0306 

R9 

0.0309 

0.0306 

0.0308 

rio 

0.0312 

0.0310 

0.0310 

*  =  largest 
+  =  smallest 
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Table  n 


Measurements  of  Six  Masks 


Mask  I 

Mask  Q 

Resistor 

A(Max) 

B{Mln) 

C(Mean) 

Resistor 

A(Max) 

B(Min) 

C(Mean) 

R! 

0.0338 

0.0314 

0.0322* 

Ri 

0.0325 

0.0270* 

0.0302* 

Ro 

0.0340* 

0.0304 

0.0311 

R2 

0.  0342 

0.0296 

0.0322 

R3 

0.0326 

0.0283 

0.0300 

R3 

0.  0350 

0.0292 

0.0323 

R4 

0. 0331 

0. 0282* 

0.0294* 

R4 

0.0336 

0.0294 

0.0324* 

RS 

0.0326 

0.0293 

0.0300 

R5 

0.  0352 

0.0304 

0.0310 

R6 

0.0324 

0.0312 

0.0321 

R6 

0.0324 

0.0290 

0.0313 
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Fig.  11  Measurement  Details  (Irregularity  of  Aperture  Is  Exaggerated 
for  Clarity) 
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Table  III 


Tolerances  Obtained  on  Six  Masks 


Mask 

Spread 

(in.) 

Maximum 

Departure 

(in.) 

Departure  of 
Mean 
(in.) 

Photographic 

Master 

0.0016 

0.0020 

0.0014 

I 

0.0058 

0. 0040 

0.0022 

II 

0.0098 

0.0068 

0.0024 

in 

0. 0042 

0.0040 

0. 0024 

IV 

0.0046 

0. 0050 

0. 0034 

V 

0.0048 

0. 0040 

0.0022 

VI 

0.0056 

0.0058 

0. 0042 

Spread  =  spread  of  measurements  (i.  e. ,  max  A  -  min  B),  inches. 

Maximum  departure  =  maximum  departure  from  target  width  (0.0300),  inches. 

Departure  of  mean  =  maximum  difference  between  C  (the  estimated  mean 
value)  for  any  aperture  and  the  design  width  in  inches. 
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SECTION  V 


CONCLUSIONS 


Table  IE  gives  a  summary  of  the  tolerances  obtained  oh  the  6  masks 
processed.  It  appears  that  with  this  process,  we  can  confidently  expect  the 
dimensional  tolerances  on  aperture  width  to  be  within  0.  007  inch  of  the  design 
width  and  to  have  a  reasonable  yield  within  0.  004  inch.  The  value  of  a  deposited 
resistor  will  be  governed  by  the  mean  width  of  the  aperture,  rather  than  its 
worst  measurement.  For  this  reason,  the  mean  width  of  each  aperture  was 
estimated,  and  included  in  Table  II.  The  last  column  of  Table  III  shows  the 
maximum  departure  of  this  estimated  mean  from  the  design  width.  This  de¬ 
parture  was,  in  all  cases,  within  0.005  inch,  and,  generally,  within  0.0025 
inch.  On  the  better  masks,  the  artwork  and  photography  accounted  for  about 
one-half  of  the  error. 

These  results  indicate  that,  in  its  present  state  of  development,  the 
process  results  in  errors  appreciably  greater  than  those  expected  with  good 
stainless  steel  masks,  0.002-inch  thick,  using  existing  processes.  However, 
the  masks  produced  are  good  enough  for  evaluating  the  new  method  of  resistance 
monitoring.  If  the  direct  resistance  monitoring  method  proves  to  be  feasible, 
the  glass  etching  process  would  be  worth  developing  for  greater  accuracy. 


1 ifcuk 

Patrick  Everett 


Richard  Roderick 
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